Mixed integer programming formulation:
Let N be any linear analogue network which has to be analysed for faults. Extract all independent sources and all pairs of nodes at which voltage measurements are made as ports. Let these be m ports. Create one port across each of the n elements to be tested for faults. The equations of such a multiport network using short circuit admittances can be decomposed into two matrix equations of the form 
where l m (V) are vectors of curents (voltages) of the ports corresponding to independent sources and measurement ports. Similarly, /" and V refer to the set of ports created across the elements which are likely to be faulty. The y parameters are for the nonfaulty network. Note that /" = 0. When a fault occurs, an admittance y changes to y + Ay. This change Ay is shown as an external connection at the port of the faulty element. With this interpretation, /" for the faulty network (/") is nonzero. In fact and /" = -AY.V" M" = /"-/" (3) where V, V, I", l m refer to the port voltages and currents of the faulty network. If our interest is in node fault diagnosis, ports will have a common node called the reference node and A/" is interpreted as changes in the nodal currents due to faults [1] .
Let
Therefore, the equations of the faulty network are
Y 21 V+Y 22 V = I" 
(6)
Using eqn. 7, solve for AV and substitute in eqn. 6. This gives an equation of the form
Inverting the coefficient matrix of AV, we obtain an equation of the form
where Z is a rectangular matrix of order m x n. This type of equation arises in many fault verification procedures [1, 4] . Eqns. 8 or 9 can be used to determine A/" and hence to identify the faults. However, they cannot be solved as they are because there are only m equations in n unknowns. Let k elements be faulty (k < (m -1)). Choose (n -k) components of A/" as zero and solve for the remaining components of A/" using eqn. 9. There are "Ct possible sets of such equations. All fault verification procedures assume that only one of these sets gives consistent equations to determine the fault uniquely [1, 5] . (The reader is referred to the literature for more details on this.) We can avoid checking "Ck possible sets by formulating it as a 0-1 mixed integer programming problem as shown below. Let and
where the superscripts are deleted for simplicity of notation. Let a be a large positive number such that the magnitude of every component of A/ is less than a; then -txXj < AIj < aXj and Xj = 0 or 1 for all j = 1, 2,..., n, i.e. Jj=i Xj has a minimum value at the solution when xt is allowed to take only two values 0 or 1. Therefore, solving eqn. 9 is equivalent to solving the following 0-1 mixed integer programming (IP) problem:
Minimise £ x} subject to
x > 0 and xy = 0 or 1 for all j= 1,2... n (12)
Once this problem is solved, the value of A/ can be computed using eqn. 10. by relaxing the integer constraints (eqn.  12), i.e. by taking eqn. 12 as xt S 1 for all j = 1, 2 ... n. If the  solution of this LP gives integer values to the x variables, then  the solution of the LP is the same as that of the 0-1 mixed  integer programming problem described in (A) . If the solution of the LP is not integer valued, then values of the x variables are adjusted iteratively starting from the LP solution to obtain the solution of the IP in (A).
The problem (.4) is usually first solved as a linear programming (LP) problem
Several methods are available in the literature [3] to do this. Out of these, the branch and bound (BB) method gives satisfactory results in general [2] .
We now illustrate the 0-1 mixed integer programming formulation with an example extensively used in the literature [1, 4, 5]. Consider the linear network with 11 nodes (excluding the reference node) and 20 elements shown in Fig. 1. Let  nodes 1, 2, 3, 6, 7, 10 and 11 
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(3) It has been found that the number of branches is in general reduced if the equations in the equality constraint of the IP are somewhat decoupled. This can be achieved using Gaussian elimination on eqn. 9 or by formulating using eqn. 8 which uses the admittance matrix instead of the impedance matrix. 
